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examined. To understand the influence of 2'-0-methyl and2'-S-methyl groups on the conformation 
of nucleosides, we evaluated the relative energies of the 2 ' -O- and 2 ' -S-methylguanosine, along with 
normal deoxyguanosine and riboguanosine, starting from both C2'-endo and C3'-endo 
conformations using ab initio quantum mechanical calculations. All the structures were fully 
optimized at HF/6-3 IG* level and single point energies with electron-correlation were obtained at 
the MP2/6-31G*//HF/6-31G* level. As shown in Table 1, the C2'-endo conformation of 
deoxyguanosine is estimated to be 0.6 kcal/mol more stable than the C3'-endo conformation in the 
gas-phase. The conformational preference of the C2'-endo over the C3'-endo conformation appears 
to be less dependent upon electron correlation as revealed by the MP2/6-3 1 G*//HF/6-3 IG* values 
which also predict the same difference in energy. The opposite trend is noted for riboguanosine. 
At the HF/6-31G* and MP2/6-31G*//HF/6-31G* levels, the C3'-endo form of riboguanosine is 
shown to be about 0.65 and 1.41 kcal/mol more stable than the C2'endo form, respectively. 

Table 1 

Relative energies* of the C3'-endo and C2'-endo conformations of representative nucleosides. 



HF/6-31GMP2/6-31-G 



CONTINUUM 

MODEL 



AMBER 



dG 



0.60 



0.56 



0.88 



0.65 



rG 



-0.65 



-1.41 



-0.28 



-2.09 



2'-0-MeG 



-0.89 



-1.79 



-0.36 



-0.86 
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2'-S-MeG 2.55 1-41 3.16 2.43 

'energies are in kcal/mol relative to the C2'-endo conformation 



[0083] Table 1 also includes the relative energies of 2'-0-methylguanosine and 2'-S- 
methylguanosine in C2'-endo and C3'-endo conformation. This data indicates the electronic nature 
of C2' -substitution has a significant impact on the relative stability of these conformations. 
Substitution of the 2'-0-methyl group increases the preference for the C3 '-endo conformation (when 
compared to riboguanosine) by about 0.4 kcal/mol at both the HF/6-3 IG* and MP2/6-3 1 G*//HF/6- 
3 IG* levels. In contrast, the 2'-S-methyl group reverses the trend. The C2'-endo conformation is 
favored by about 2.6 kcal/mol at the HF/6-3 IG* level, while the same difference is reduced to 1 .41 
kcal/mol at the MP2/6-31G*//HF/6-3 IG* level. For comparison, and also to evaluate the accuracy 
of the molecular mechanical force-field parameters used for the 2'-0-methyl and 2'-S-methyl 
substituted nucleosides, we have calculated the gas phase energies of the nucleosides. The results 
reported m Table 1 indicate that the calculated relative energies of these nucleosides compare 
qualitatively well with the ab initio calculations. 

[0084] Additional calculations were also performed to gauge the effect of solvation on the relative 
stability of nucleoside conformations. The estimated solvation effect using HF/6-3 IG* geometries 
confirms that the relative energetic preference of the four nucleosides in the gas-phase is maintained 
in the aqueous phase as well (Table 1). Solvation effects were also examined using molecular 
dynamics simulations of the nucleosides in explicit water. From these trajectories, one can observe 
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the predominance of C2'-endo conformation for deoxyriboguanosine and 2'-S-methylriboguanosine 
while riboguanosine and 2'-0-methylriboguanosine prefer the C3 '-endo conformation. These results 
are in much accord with the available NMR resuUs on 2'-S-methybibonucleosides. NMR studies 
of sugar puckering equilibrium using vicinal spin-coupling constants have indicated that the 
conformation of the sugar ring in 2*-S-methylpyrimidine nucleosides show an average of >75% S- 
character, whereas the corresponding purine analogs exhibit an average of >90% S-pucker [Fraser, 
A., Wheeler, P., Cook, P.D. and Sanghvi, Y.S., /. Heterocycl. Chem., 1993, 30, 1277-1287]. It was 
observed that the 2'-S-methyl substitution in deoxynucleoside confers more conformational rigidity 
to the sugar conformation when compared with deoxyribonucleosides. 

[00851 Structural features of DNA:RNA, OMe_DNA:RNA and SMe_DNA:RNA hybrids were 
also observed. The average RMS deviation of the DNA:RNA structure from the starting hybrid 
coordinates indicate the structure is stabilized over the length of the simulation with an approximate 
average RMS deviation of 1 .0 A. This deviation is due, in part, to inherent differences in averaged 
structures (i.e. the starting conformation) and structures at thermal equihbrium. The changes in 
sugar pucker conformation for three of the central base pairs of this hybrid are in good agreement 
with the observations made in previous NMR studies. The sugars in the RNA strand maintain very 
stable geometries in the CS'-endo conformation with ring pucker values near 0°. In contrast, the 
sugars of the DNA strand show significant variability. 

[0086] The average RMS deviation of the OMe_DNA:RNA is approximately 1.2 A from the 
starting A-form conformation; while the SMe_DNA:RNA shows a slightly higher deviation 
(approximately 1.8 A) from the starting hybrid conformation. The SMe_DNA strand also shows a 
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